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(57)Abstract: 

PROBLEM TO BE SOLVED: To rapidly perform 
calibration work by providing an accelerometer attaching 
surface which forms a specified angle for the flat plane 
orthogonal to the gravitational acceleration direction to 
allow easier attaching work of an accelerometer to a 
calibration jig. 

SOLUTION: An attaching surface 2b, forming an angle 
tan-1 (21/2) (about 54.74° ) against a flat plane 1a 
orthogonal to the gravitational acceleration direction, is 
provided to a block 2. On the attaching surface 2b, a 
three axis accelerometer 4 is so attached that 
gravitrational acceleration equal to X-direction sensitive 
axis and Y-direction sensitive axis of the accelerometer 
4 acts. Then, on each X, Y and Z axis acceleration 
sensor, the identical acceleration component (about 
57.4% of gravitational acceleration G) due to the 
gravitational acceleration G acts. Thus, by adjusting a 
gain of an amplifier, a display, etc., with a calibration 
device so that the output voltage of each axis 

acceleration sensor displays the identical value, sensitivity calibration can be performed by 
attaching a calibration jig to the accelerometer 4 only once. 
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* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 

1 This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] the clamp face where an include angle becomes tan-1 (21/2) to the flat surface which 
is said fixture for proofreading which fixes an accelerometer three shaft when performing the 
sensitivity calibration of an accelerometer three shaft using gravitational acceleration, and 
intersects perpendicularly with the gravitational-acceleration direction — having — this clamp 
face — said three shaft characterized by said thing [ attaching an accelerometer three shaft ] 
so that gravitational acceleration equal to the direction sensitive axis of X and the direction 
sensitive axis of Y of an accelerometer may act three shaft — an accelerometer — the fixture 
for proofreading. 

[Claim 2] the clamp face where an include angle becomes tan-1 (21/2) to the flat surface which 
is said fixture for proofreading which fixes an accelerometer three shaft when performing the 
sensitivity calibration of an accelerometer three shaft using excitation equipment, and intersects 
perpendicularly with the acceleration direction — having — this clamp face — said three shaft 
characterized by said thing [ attaching an accelerometer three shaft ] so that acceleration equal 
to the direction sensitive axis of X and the direction sensitive axis of Y of an accelerometer may 
act three shaft — an accelerometer — the fixture for proofreading. 



[Translation done.] 
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1 This document has been translated by computer. So the translation may not reflect the original 
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3.1n the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] three shaft which has the sensitive axis with which this invention 
intersects perpendicularly mutually and which is used on the occasion of the sensitivity 
calibration of an accelerometer three shaft — an accelerometer — it is related with the fixture 
for proofreading. 
[0002] 

[Description of the Prior Art] three conventional shaft — an accelerometer — as the fixture for 
proofreading — the accelerometer of rectangular cross 3 shaft (X, Y, Z), for example, a servo, 
when performing the sensitivity calibration of an accelerometer using gravitational acceleration, 
in order to make the direction of a sensitive axis in agreement in the gravitational acceleration 
direction, the fixture for proofreading which refixes an accelerometer for every sensitive axis is 
known, moreover, a piezo-electric form — also when performing the sensitivity calibration of an 
accelerometer using excitation equipment, in order to make the direction of a sensitive axis in 
agreement in the acceleration direction, the fixture for proofreading which refixes an 
accelerometer for every sensitive axis is known. 

[0003] Namely, make the fixture for proofreading fix an accelerometer, and although the 
sensitivity calibration of three shafts is performed, sensitivity settling is performed so that it may 
become predetermined sensibility, so that the acceleration direction may be in agreement with 
the sensitive axis of a Z-axis acceleration sensor first. Subsequently, make an accelerometer fix 
to the fixture for proofreading, and sensitivity settling is performed so that it may become 
predetermined sensibility, so that the acceleration direction may be in agreement with the 
sensitive axis of an X-axis acceleration sensor. Furthermore, an accelerometer is made to fix to 
the fixture for proofreading, and sensitivity settling is performed so that it may become 
predetermined sensibility, so that the acceleration direction may be in agreement with the 
sensitive axis of a Z-axis acceleration sensor. 
[0004] 

[Problem(s) to be Solved by the Invention] three conventional shaft — an accelerometer — in 
the fixture for proofreading, whenever it performed sensitivity settling of each shaft, the 
accelerometer had to be refixed, attachment of the acceleration to the fixture for proofreading 
was complicated, and it was difficult to perform a sensitivity calibration quickly. 
[0005] three shaft with which the place which this invention is made in view of such a trouble 
that a Prior art has, and is made into the purpose can perform the sensitivity calibration of an 
accelerometer three shaft by the attachment to 1 time of the fixture for proofreading — an 
accelerometer — it is going to offer the fixture for proofreading. 
[0006] 

[Means for Solving the Problem] the clamp face where an include angle becomes tan-1 (21/2) to 
the flat surface which is said fixture for proofreading which fixes an accelerometer three shaft 
when invention of claim 1 performs the sensitivity calibration of an accelerometer three shaft 
using gravitational acceleration, and intersects perpendicularly with the gravitational-acceleration 
direction that the above-mentioned technical problem should be solved — having — this clamp 
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face — said — as gravitational acceleration equal to the direction sensitive axis of X and the 
direction sensitive axis of Y of an accelerometer acts three shaft, it is said thing which attaches 
an accelerometer three shaft. 

[0007] the clamp face where an include angle becomes tan-1 (21/2) to the flat surface which is 
said fixture for proofreading which fixes an accelerometer three shaft when invention of claim 2 
performs the sensitivity calibration of an accelerometer three shaft using excitation equipment, 
and intersects perpendicularly with the acceleration direction — having — this clamp face 
said — as acceleration equal to the direction sensitive axis of X and the direction sensitive axis 
of Y of an accelerometer acts three shaft, it is said thing which attaches an accelerometer three 
shaft. 
[0008] 

[Embodiment of the Invention] The gestalt of operation of this invention is explained based on an 
accompanying drawing below, three shaft which drawing 1 requires for invention of claim 1 here - 
- an accelerometer — three shaft for which the perspective view of the fixture for proofreading 
and drawing 2 spend for the configuration explanatory view of an accelerometer, and drawmg„3 
spends three shaft to invention of claim 1 — an accelerometer — three shaft for which the 
operation explanatory view of the fixture for proofreading and draw ing 4 spend for the outline 
block diagram of the calibrating apparatus of an accelerometer, and drawing 5 spends three shaft 
to invention of claim 2 — an accelerometer — three shaft which the perspective view of the 
fixture for proofreading and drawing 6 require for invention of claim 2 — an accelerometer it 
is the operation explanatory view of the fixture for proofreading. 

[0009] three shaft concerning invention of claim 1 — an accelerometer — the fixture for 
proofreading consists of block 2 laid in top-face 1 a of the metal pedestal 1 and a pedestal 1 as 
shown in drawing 1 , and adjusting-screw 1b for making the horizontal plane which intersects 
perpendicularly with the gravitational acceleration direction at top-face 1a form is prepared in 
the pedestal 1. In addition, 3 is level which checks that top-face 1a of a pedestal 1 becomes a 
horizontal plane. 

[0010] Block 2 is formed in the right-angle triangle pole with a metallic material (for example, 
aluminum), and the include angle of each vertical angle of the right triangle which are top-face 2a 
of the right-angle triangle pole and a base becomes about 35.26 degrees by 90 degrees and tan- 
1 (2-1/2), and has become about 54.74 degrees by tan-1 (21/2), respectively. In addition, about 
the reason for having set up the include angle of each vertical angle as mentioned above, it 
mentions later. 

[001 1] And top-face 1a of a pedestal 1 is touched in the side face of the right-angle triangle 
pole in which a 35.26-degree vertical angle counters, and the block 2 is laid in top-face 1a of a 
pedestal 1. Moreover, three pin 2c which carries out positioning immobilization of the 
accelerometer 4 three shafts protrudes on clamp-face 2b which is the side face of the right- 
angle triangle pole in which a 90-degree vertical angle counters perpendicularly. Therefore, 
clamp-face 2b will form about 54.74-degree flat surface to about 35.26 degrees and top-face 1a 
of a pedestal 1 to the gravitational acceleration direction. 

[0012] the servo which an accelerometer 4 makes a sensitive axis intersect perpendicularly 
mutually, arranges the X-axis acceleration sensor 5, the Y-axis acceleration sensor 6, and the 
Z-axis acceleration sensor 7 in top-face 8a of the disc-like base 8 as shown in drawing 2 , and it 
puts the cylinder-like case 9 on top-face 8a of the base 8, is constituted three shaft, and has 
sensibility also in gravitational acceleration (DC field) — it is an accelerometer. in addition, for 
example, the strain gage type which has the sensibility of DC field as an accelerometer 4 three 
shafts — an accelerometer may be used. 

[0013] The X-axis acceleration sensor 5 and the Y-axis acceleration sensor 6 are arranged in 
parallel [ those sensitive axes ] with top-face 8a of the base 8, and the Z-axis acceleration 
sensor 7 is arranged at right angles [ the sensitive axis ] to top-face 8a of the base 8. Moreover, 
8d of mounting holes which fit in pin 2c, are made to stick base 8c of the base 8 to clamp-face 
2b of block 2, and are fixed to block 2 is formed in flange 8b of the base 8. 
[0014] If an accelerometer 4 is fixed to clamp-face 2b of block 2 three shaft, in the X-axis 
acceleration sensor 5 and the Y-axis acceleration sensor 6, those sensitive axes will become 
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parallel to clamp-face 2b, and. as for the Z-axis acceleration sensor 7, the sensitive axis will 
become perpendicular to clamp-face 2b. 

[0015] three shaft concerning invention of claim 1 constituted as mentioned above an 
accelerometer — an operation of the fixture for proofreading is explained. As shown in drawin gj, 
R> 1 pin 2c is fitted into 8d of mounting holes, and an accelerometer 4 is fixed to block 2 three 
shaft At this time, as shown in drawin g 3 (a), gravitational acceleration G. clamp-face 2b of 
block 2 and the include angle to make are set to theta. Then, a component parallel to clamp- 
face 2b of the block 2 of gravitational acceleration G is set to G-costheta, and a perpendicular 
component is set to G-sintheta. 

[0016] And as shown in drawing 3 (b), an accelerometer 4 is fixed to clamp-face 2b of block Z 
three shafts so that it may be in agreement with the shaft H with which the direction of G- 
costheta which is the component of gravitational acceleration G divides into two equally the 
angle (90 degrees) which direction sensitive-axis of X 5a of an accelerometer 4 and direction 
sensitive-axis of Y 6a make three shafts. 

[0017] Therefore, G-sintheta which is a component perpendicular to clamp-face 2b acts on Z 
direction sensitive-axis 7a, and 45 degree of G-cos theta-cos act on direction sensitive-axis of 
X 5a, and direction sensitive-axis of Y 6a. Here, it asks for the include angle theta for giving 
equivalent acceleration to each sensitive axes 5a, 6a, and 7a of X-Y-Z. 

[0018] Namely, what is necessary is just to ask for the include angle theta to which G-sintheta 
which is 45 degree of G-cos theta-cos which is the component of gravitational acceleration G 
which acts on direction sensitive-axis of X 5a and direction sensitive-axis of Y 6a, and the 
component of gravitational acceleration G which acts on Z direction sensitive-axis 7a becomes 
equal, as shown in drawing 3 . Therefore, it is [0019] from 45 degree =G-sin[ of G-cos theta- 
cos ] theta. It becomes theta=tan -1 (2-1/2), a next door, and about 35.26 degrees. 
[0020] Moreover, it is [0021] when top-face 1a of a pedestal 1, clamp-face 2b of block 2, and 
the include angle to make are set to alpha (90 degree-theta). It becomes alpha=tan -1 (21/2). a 
next door, and about 54.74 degrees. 

[0022] three shaft equipped with the block 2 which has the above include angles theta (about 
35.26 degrees) and alpha (about 54.74 degrees) — an accelerometer — the sensitivity 
calibration of an accelerometer 4 is performed three shafts by using gravitational acceleration G 
using the fixture for proofreading. Then, the same acceleration component (about 57.7% of the 
gravitational acceleration G) by gravitational acceleration G acts on each axial acceleration 
sensors 5, 6, and 7 of X-Y-Z, respectively. 

[0023] therefore, three shaft as shown in drawing 4 — an accelerometer — if a calibrating 
apparatus adjusts gain, such as amplifier 8 and a drop 9, etc. so that the output voltage of each 
axial acceleration sensors 5, 6, and 7 of X-Y-Z may display the same value (about 565 Gal), the 
sensitivity calibration of each axial acceleration sensors 5. 6. and 7 can carry out by attaching an 
accelerometer 4 in the fixture for proofreading only once three shafts. 
[0024] three shaft concerning invention of claim 2 — an accelerometer — the fixture for 
proofreading consists of block 12 laid in top-face 1 1a of the metal pedestal 1 1 and a pedestal 1 1 
as shown in drawing 5 , and the **** 14 for immobilization fixed to the shaking table 13 of 
excitation equipment is formed in the pedestal 1 1 . In addition, A expresses the magnitude of 
acceleration while showing the direction of excitation by excitation equipment. 
[0025] Block 12 is formed in the right-angle triangle pole with a metallic material (for example, 
aluminum), and the include angle of each vertical angle of the right triangle which are top-face 
1 2a of the right-angle triangle pole and a base becomes about 54.74 degrees by 90 degrees and 
tan-1 (21/2), and has become about 35.26 degrees by tan-1 (2-1/2). respectively. In addition, 
about the reason for having set up the include angle of each vertical angle as mentioned above, 
it mentions later. 

[0026] And top-face 1 1 a of a pedestal 1 1 is touched in the side face of the right-angle triangle 
pole in which a 54.74-degree vertical angle counters, and the block 1 2 is laid in top-face 1 1 a of a 
pedestal 1 1 . Moreover, three pin 1 2c which carries out positioning immobilization of the 
accelerometer 1 4 three shafts protrudes on clamp-face 1 2b which is the side face of the right- 
angle triangle pole in which a 90-degree vertical angle counters perpendicularly. Therefore, 
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clamp-face 12b will form about 35.26-degree flat surface to top-face 1 1a of excitation of a 
pedestal 11, i.e., the direction. . 
[0027] the servo which has sensibility also in the gravitational acceleration (DC field) which is 
set as the object of a sensitivity calibration, and which shows an accelerometer 14 to drawing ^ 
three shaft — the piezo-electric type which has neither an accelerometer nor the sensibility in 
gravitational acceleration (DC field) — it is an accelerometer etc. 

[0028] three shaft concerning invention of claim 2 constituted as mentioned above - an 
accelerometer — an operation of the fixture for proofreading is explained. As shown in dravyjng_5 
R> 5 pin 12c is fitted into 18d of mounting holes, and an accelerometer 14 is fixed to block 12 
three shaft. At this time, as shown in drawing 6 (a), acceleration A, clamp-face 12b of blo( *J2 
and the include angle to make are set to beta. Then, a component parallel to clamp-face 12b of 
the block 12 of acceleration A is set to A-cosbeta, and a perpendicular component is set to A 

sinbeta. r . . . 

[0029] And as shown in drawing 6 (b), an accelerometer 14 is fixed to clamp-face 12b of block 
12 three shafts so that it may be in agreement with the shaft H with which the direction of A- 
cosbeta which is the component of acceleration A divides into two equally the angle (90 degrees) 
which direction sensitive-axis of X 5a of an accelerometer 14 and direction sensitive-axis of Y 
6a make three shafts. 

[0030] Therefore, A-sinbeta which is a component perpendicular to clamp-face 12b acts on L 
direction sensitive-axis 7a, and 45 degree of A-cos beta-cos act on direction sensitive-axis of X 
5a, and direction sensitive-axis of Y 6a. Here, it asks for the include angle beta for giving 
equivalent acceleration to each sensitive axes 5a, 6a, and 7a of X-Y-Z. 

[0031] Namely, what is necessary is just to ask for the include angle beta to which A-sinbeta 
which is 45 degree of A-cos beta-cos which is the component of acceleration A which acts on 
direction sensitive-axis of X 5a and direction sensitive-axis of Y 6a, and the component of 
acceleration A which acts on Z direction sensitive-axis 7a becomes equal, as shown in drawing 
6 . Therefore, it is [0032] from 45 degree =A-sin[ of A-cos beta-cos ] beta. It becomes beta=tan 
-1 (2-1/2), a next door, and about 35.26 degrees. 

[0033] three shaft equipped with the block 1 2 which has the above include angles beta (about 
35.26 degrees) — an accelerometer — the sensitivity calibration of an accelerometer 14 is 
performed three shaft by using excitation equipment using the fixture for proofreading. Then, the 
same acceleration component (about 57.7% of the acceleration A) by acceleration A acts on 
each axial acceleration sensors 5. 6, and 7 of X-Y-Z, respectively. 

[0034] Therefore, if a calibrating apparatus as shown in drawing 4 adjusts gain, such as amplifier 
8 and a drop 9, etc. so that the output voltage of each axial acceleration sensors 5, 6, and 7 of 
X-Y-Z may display the same value, the sensitivity calibration of each axial acceleration sensors 
5, 6, and 7 can carry out by attaching an accelerometer 14 in the fixture for proofreading only 
once three shafts. 

[0035] In addition, although excitation equipment horizontal to drawing 5 was shown, as long as it 
uses the fixture for proofreading which has the clamp face where an include angle becomes 
about 35.26 degrees to the acceleration direction, you may be vertical excitation equipment. 
[0036] Moreover, if it is set up so that the gravitational acceleration direction and the direction 
A of excitation of the excitation equipment shown in drawing 5 may cross at right angles Namely, 
if clamp-face 12b forms the include angle of tan-1 (21/2) (about 54.74 degrees) to the flat 
surface which intersects perpendicularly with the excitation acceleration direction the servo 
which has sensibility also in DC field — if the sensitivity calibration using the gravitational 
acceleration G of an accelerometer is performed, the component of the following gravitational 
acceleration G will act on each axial acceleration sensors 5, 6, and 7. 
[0037] If gravitational acceleration G is set to 980Gal, the component of gravitational 
acceleration G which acts on the Z-axis acceleration sensor 7 will be set to 980xsin(54.74 
degrees) =800, and the component of gravitational acceleration G which acts on the X-axis 
acceleration sensor 5 and the Y-axis acceleration sensor 6 will be set to 980xcos(54.74 degrees) 
xcos(45 degrees) =400. That is, the component of the good gravitational acceleration G of the 
end called 800Gal will act on 400Gal and the Z-axis acceleration sensor 7 at the X-axis 
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acceleration sensor 5 and the Y-axis acceleration sensor 6. 

[0038] Therefore, the sensitivity calibration using gravitational acceleration G and the 
acceleration A of excitation equipment can carry out by performing attachment to the fixture for 
proofreading of an accelerometer 1 4 only once three shafts. 

[0039] Even when performing the sensitivity calibration of an accelerometer 4 three shaft using 
gravitational acceleration G If accelerometers 4 and 14 are fixed to the clamp face where an 
include angle becomes tan-1 (2-1/2) (about 35.26 degrees) to the acceleration direction three 
shaft like the above even when performing the sensitivity calibration of an accelerometer 14 
three shaft using excitation equipment The same acceleration component (gravitational 
acceleration G or about 57.7% of the acceleration A) acts on each axial acceleration sensors 5, 6, 
and 7 of X-Y-Z. 

[0040] Moreover, when performing the sensitivity calibration of an accelerometer 4 three shaft 
using gravitational acceleration G, or when performing the sensitivity calibration of an 
accelerometer 14 three shaft using excitation equipment, since blocks 2 and 12 can be formed in 
the same configuration, they can be common-use-ized by the method of installation or 
immobilization in top-face 1a of a pedestal 1, or a shaking table 13. 

[0041] that is, when touching top-face 1a of a pedestal 1 in the side face in which the 35.26- 
degree vertical angle of the top faces 2a and 12a of the blocks 2 and 12 which are right angled 
triangles counters and laying the block 2 in top-face 1a of a pedestal 1, gravitational acceleration 
G was used — the sensitivity calibration of an accelerometer 4 can be performed three shaft, 
excitation equipment was used, when the shaking table 13 was touched in the side face in which 
a 54.74-degree vertical angle counters, on the other hand and the block 2 was fixed to the 
shaking table 13 — the sensitivity calibration of an accelerometer 14 can be performed three 
shaft. 

[0042] moreover, three shaft shown in drawin g 1 — an accelerometer — if the fixture for 
proofreading is fixed to vertical excitation equipment and it excites in the gravitational 
acceleration direction when performing the sensitivity calibration of an accelerometer 4 three 
shaft using the fixture for proofreading, the sensitivity calibration using gravitational acceleration 
G and the acceleration of excitation equipment can be performed by performing attachment to 
the fixture for proofreading of an accelerometer 4 only once three shafts. 
[0043] moreover, three shaft with which the sensitivity calibration of each axial acceleration 
sensors 5, 6, and 7 of X-Y-Z has already been performed by each axial independent one and 
which takes three shaft at this invention in the case of accelerometers 4 and 14 — an 
accelerometer — it becomes possible by performing a sensitivity calibration using the fixture for 
proofreading to get to know the precision with a group of each axial acceleration sensors 5, 6, 
and 7. 

[0044] Moreover, if the acceleration sensor which has a polarity in each shaft of X and Y-Z is 
used, the attachment condition of an acceleration sensor can be checked from the phase 
relation of the output signal of each acceleration sensor. 
[0045] 

[Effect of the Invention] Since the sensitivity calibration of an accelerometer can be performed 
to 3 shaft coincidence three shafts according to this invention if an accelerometer is fixed to the 
clamp face of the fixture for proofreading three shafts as explained above, the attachment to the 
fixture for proofreading of an accelerometer can be managed at once three shafts, and speeding 
up of the sensitivity calibration of an accelerometer can be attained three shafts. 



[Translation done.] 



http://www4.ipdl.ncipi.go.jp/cgi-bin/tran_web.cgi_eije 



2005/04/15 



JP,09-251031,A [DESCRIPTIOIST OF DRAWINGS] 
* NOTICES * 

JPO and NCI PI are not responsible for any 
damages caused by the use of this translation. 



1/1 



LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 
[Brief Description of the Drawings] 

[Drawing 1] three shaft concerning invention of claim 1 — an accelerometer — the perspective 
view of the fixture for proofreading 

[Drawing 2] For the configuration explanatory view of an accelerometer, and (a), the plot plan of 
an acceleration sensor and (b) are the side elevation of an accelerometer three shaft three 
shaft. 

[Drawing 3] three shaft concerning invention of claim 1 — an accelerometer — the operation 
explanatory view of the fixture for proofreading, drawing in which (a) shows a gravitational 
acceleration component perpendicular to the clamp face of an accelerometer, and parallel three 
shaft, and drawing in which (b) shows the decomposition condition to X and the Y-axis of a 
gravitational acceleration component parallel to the clamp face of an accelerometer three shaft 
[Drawing 4] It is the outline block diagram of the calibrating apparatus of an accelerometer three 
shaft. 

[Drawing 5] three shaft concerning invention of claim 2 — an accelerometer — the perspective 
view of the fixture for proofreading 

[ Drawin g 6] three shaft concerning invention of claim 2 — an accelerometer — the operation 
explanatory view of the fixture for proofreading, drawing in which (a) shows an acceleration 
component perpendicular to the clamp face of an accelerometer, and parallel three shaft, and 
drawing in which (b) shows the decomposition condition to X and the Y-axis of an acceleration 
component parallel to the clamp face of an accelerometer three shaft 
[Description of Notations] 

1 1 1 [ — The top face of a block 2b, 12b / — A clamp face, 3 / — 4 Level, 14 / — It is an 
accelerometer and 5 three shafts. / — An X-axis acceleration sensor, the direction sensitive 
axis of 5 a — X 6 / — A Y-axis acceleration sensor, the direction sensitive axis of 6 a — Y 7 / — 
Z-axis acceleration sensor, 7a / — A Z direction sensitive axis, 13 / — A shaking table, 14 / 
**** for immobilization. ] — A pedestal, 1a, 11a — 2 The top face of a pedestal, 12 — A block, 
2a, 12a 



[Translation done.] 
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[0002] 

[fiE3fc©8ffij] S6*©3*lftaRflEW«iEfflifeA4 0'r 

«. ff£3tt (x. y. z) ©juniisit. 

[000 3 "BP*. 3$i©ifS«8IE£fT5©5C. 5fc?*Z 

!6flnjie-fe>if©s.^iiK:»pjia^[S]*i-a-r-si: 5 &c 

5 (C«KHSE*ff t » . 5Jtt> TX N jn&K-k > i*-©SUfiN 

<c z f Aflojig-fe >if ©sswk flpas^fa* 5 — a-r £ «t 

■SA^KJBflffllfi^ff^. 40 
[0004] 

[ »W*«f* 0 J: 5 t T S WB 3 3 NMit Sit ft 

&(DWLiwm&mmvi> 0 . «a«iE*iB»«:ff *> ©** 

[0005] 2fc»w«. f£*©a«#wr 5 c©=t -5 & 
WHj^{c«*r &3*ifcfc©t?*»3> ^-© a iw £ -r -s £ 

AWBHttiEjWf A 4 3 ttflniiSH-«iEfflma*S« L «£ 50 



"WH¥9-2 5 1 03 1 
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[0 00 6] 

[»«*»»T4fc«>©*i!i] ±BB»H*»»i-r^<ai 
jjbb i ©»w». m^jmmm.&mm ir3 iajjp»si+© 

T. WWtan- 1 (2 ,/J ) £&SIRttE£<I;i, C 

©iK#ffi«:pna 3 wflpjisft©x sis)fs# £y^§ 
m 4«c^ l t >s*aiaaf**fpfflr 4 <£ 5 « iwb 3 mm 

[ooo7] »«fli2©»w«. 3*Ji^a**iJfflor3 
^aam©«a«iE*tf 5»^{c»8a 3 iMpagit* 

micMLX, M^tan- 1 (2 ,/J ) i&SBtffTfi* 

d*. . c ©K^Mtc Bfria 3 fwraaaitox ^iojsjsmi £ 

[0 00 8] 

[|6W©JSJi©JI598] fitTK^JfiW©**©***^ 

hj«c(^s 3 mam&&®sEmfeM:<D&viM. m 2 « 3 m 
mmgMtvmmmiM. m 3 (itt*^ 1 <D&wt,m*> 3 
!4flpjigtf-KiEffl^s©f / pffliJiB^H. 0 4 3 mrnmm. 

it©f£EJSg©lftK :/ n 9 9 m . H 5 tt»#JI 2 ©%bj 

ic^6 3 fii»pjiait«iEfflrS*©i4fSS. H 6 

2 ©^jc^^, 3 IWnaffiSt«jEffl?&IW>fPfflSiWH'C 

*4. 

[0009] Wm 1 ©fSB^lc^^, 3 ttflPilSfff^iEffl 

r&*«. 0i{c^-r«fc^(c &KHcDSdi<b. a^i 

©±ffi 1 a iClSg-T 4 ^ci 9*2 3&>6& 0. StlWi 

5/c«E>©S9SI*aC 1 b3WR^6nrir^. 3«S 
§1©±I1 a3W*^ffl{c^ca©*ffiSI-r-5*i|lg-C& 

[0 0 1 0] ?cz?»2t*. *JK*t» 
i^A) -CKftHASK^filtStl. itft=Att©±M2 
aS^IT^SMHftfCDMflOflSit 9 
0* . tan"* (2- 1 ") -00135. 26' . tan" 

(2 1/z ) -C#J5 4. 7 4° itt-s-C^S. 

ft©ftfi*_B52©j: ^ «cR5eLfciiffi«:o(,>r««a*r 
4. 

[ooi ntit, 35. 2 6' ©nft*t^r5ii: 

^HftttOffliJB**^ 1 (DIM 1 a iC^O-C, /O?* 

2«s^i©±ffii accttasnri,**. *fc, 90* 

©W«*^-T4S[|l=fta©MiH-C*S'«#iH2 b«c 
«. 3(*ftfl^tt4*tt«8M&B*€-r*3*©fcr>2 c 

fiPiiS^[6l(c« L/T ^ 3 5. 2 6° . £& 1 ©±S 1 a 
{C»bri^5 4. 74" ©¥®£Jft£-f 5C£fC45. 

[0012] 3tt*paatf-4(i. ^2{c^-r«t i 5{c. g 



3 

_bffi8 aCCffil$0, ^8©±I8a(cnti^- 
X9£Mtfr«tJ&3ft. ftft/JPilJS (DC««) CCtol* 

h u -f > y- ^sanaaa tr & <fc i». 

coo 1 3] xttflpiia-fe>^5SO'Yf4ftniiS-fe>^ 

[00 14] 3Wl»naSit4 4^P^^2<Dffi#ffi2 b 

*f organs,, 

[0015] £t±<DJ: 5 CC«J&Ofcit#3ii 1 

ftjaast4*^ny t>2(<cmm?z>o com. m3 

( a ) iC^T <fc ^ tc, ftfrflPilKG <h :/P ? * 2 Offitt 
I2bift1-ftfi*0 4T4. T£<t, S^JJDii«G<D 
:/p v >? 2 ©BXtt® 2 b CCWf &JS»»G • c o s 6 % 
SiS&flE»ttG • s i n 0 <t&£o 

[0016] ^Or, S3 (b) &C^rr<fc5lC, fi^/JO 

aKG©ac»r*sG -cos e<oijft&, 3«i#piis 

ff4©X*lSlS«*»5 aiY*lPl««tt8 a©&lt# 
(90° ) *2*»-r*(»H«:-3Srt-4J:5K:, 3ttJfl 
«93t4#:/P v9 2amttW2 biCH££tt£o 
[0017]^t, Z#ft*B«7aK:tt. 9Mtffi2 
bCCSia&flEdr*-SG -sin ^fpffll, X^faS 
JSH5 aao'Y^SS#6 atc«, G • c o s 0 • c 
o s 45' immtZ. CCt, X • Y • Z<D&SJBtt 
5 a, 6 a, 7 a CcragEtt»naS*#**fc«>©»K0 

[00 18]BP%, S3tC^*Tcfc9«:, X#|fi]§Jffi?lb5 
aSVY^ffilSJKtte aCCffffl-rSS*flDilKGO>fiS» 
r&6G •cos<9-cos45" Z # fiSJSW 7 
aCCftffl-rSfi*ftiaKG(DRS»r*SG • s i 
«O<&*ftfi0*#ftft«J:l>. G- cos 

0 • c o s 45° = G • s i n 

[0019] 0 = tan" 1 (2~ 1/2 )\ <fcfc*K i^3 
5. 26° <b&S. 

[0 0 2 0 ] *fc, SS1©_LS1 ai^a^2®K 
ftI2biWftK*a(90' -0>.4T*4. 

[0 0 2 1 ] a=t an" 1 (2 ,/l ) . tftO, #J5 
4. 74° ttti. 
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[0 02 2] K±©J:5ftftflro (#J3 5. 2 6° ) , 
a (^54. 7 4° ) **tT*:/D**2*«*.fc3tt 

£CcJ;0, 3W»DjiaH-4<Z),®jat5iE?:tf^o "J"*** 
X • Y • Z<D&fMflilE£Hz>1f 5. 6. 7*ctt, 

5 7. 7%) 

[002 3 ]^r, H4CC7n-r«fc5a3tt*paffiW-« 
iESSBr, X • Y • Z 5. 6, 7 CD 
10 Htf**E#W— («5 65Gal) * <£ 9 

cctt*ig8^*^g9 3&i<Dy^>^*is?S"rn«, s 

ttJjPiia-fe>1^5, 6. l<Dm&$8Eti\ 3fMJPitSlt 

[0 024] 2 ©»HK:«S 3 dWn»a»f-«iEffl 

i&Ktt. H5Cc*vrj:5K: % £J!SS©S£1 li, ifi 

1 l<D±ffil l'aKtSKf £:/P*£ 1 2^W?, S 
■& 1 1 (cttfinffi«B<Oftlffi-& 1 3 icBjrr 4B5£ffl:ta O 

[0 02 5 ] :/P v 9 \ 2{%s &lltm («Atf. 

i 2 asaffiffirftaeflHflJBossftofttttt. * 

^90' . tan" 1 (2 1/2 )r#j54. 7 4° % ta 
n -i (2-»/i) r^3 5. 26V£«Cori>*. tt*5, 

[0 02 6] * LT. 54. 7 4" ©BH*J*tlflri-*B 

ft=JM^©«B*»6 1 i©±ai i attigbr, 

30 -^12 lilfi 1 1 ©±i 1 1 atClHStitt^. £ 

fc. 9 0° ©iaft^rni"r4a:fiiHfttt©flHffir*4BX 
tfffi 1 2 b CC» % 3 ttflnilSit 1 4 *fiaK«»H3e-r 4 
3*©b*> i 2 c«c£jt€c^K3nrtr»s. fie^r, Bt 

ff®12b ». 1 1 ©±ffl 11a, IP%tofl*^I^ 
*tbr^j3 5. 2 6" ©¥B*»«W&Cifcfc&. 
[0 02 7] ««SEiE©»*i tt* 3 WflPilStt 1 4 
14. H2lt^rm*>ftljlg (DC««) CC*jC^rfe«K 

40 [0028] ih±<d* sttcffif&Ltcm&mz <omm% 

BCCTnTcfc^CC, t> 1 2 c£IXtf?ll 8 dtcK^Or 

3W/joiistf-i 4*^p->^i 2imm-?z>o cvm. 

06 (a) CC7nt-<fcMC SDiiaAi^Py ^ 1 2©ffi 
fW 1 2 b£ft-rftK*/8 »PiIgA© 
^P-^l 2©BX^ffi 1 2 b CCWf ttJSR»»A -cos 

£ft&j£#U:A • s i n&tteZo 
[0 02 9] -tor, 06 (b) CCTS-Tct^tc, flPiES 
AWt*SA -cos (3&Jj[5]1)K 3ttflniIS9f- 1 
50 4©X*fiI*««[5aiY*fflS!aW*6a©ttrA (9 



5 

ftl 4ifi7u v i> 1 2©fR#ffi 1 2 btC@g$nS„ 
[0 03 0 ] ftoT. Z#ffl*JB*7 afctt. IRttffi 1 
2btCSa&J£#-C&5A • s i n/3*ifPfflL. X^[S] 
S.®$45 aSi^Y^SSfie a(c«. A ■ co siS • 
c o s 4 5' tHtm-fZ. CCT, X • Y • Z©&£.@ 
#5a, 6 a, 7 a CC|SI^Jnaa*#A4te»©ftS 

[003 1 ]V«. 16(CitJ:^K, X*[6lSJ®tt5 
aR^Y*f6j^^f|ll6 alCim?Zm&&A<DlS,frV$> 
5A'Cos/3'COs45" Z ^(n]§Sf 4 7 a tc 
f¥fflr**oaSA©fiR»r**A • s i n &ii^L< tt 
•5ftJg(3£3}?S!>titf < £(,>„ fi£oT. A-cosi3-co 
s 4 5° = A • s i n (3 «fc 0 . 

[0 03 2 ] i8=t an" 1 (2" 1/J ) . tU*) . ^3 

5. 2 6' <t&£. 

[0 03 3 ] ^©J^fcftgtf (f*j3 5. 26° ) * 

mrsT-a ^ ^ i 2 *«itte3i*)DrjaflfH-«jEffl}ft** 

fflt»-C*0fi*tSB**lfflr*C4KJ:«5 3ttftD«aftl 4 
©*S«iE*fT3. -TSi. X • Y • Z©&fiM)lIiIS-te 
>-*5. 6. 7CCI4. ^^flnjllSAKiSlHl-CMIlS 

(flDjISA©ift5 7. 7%) aWMrr*. 
[0034]^^, H4K5*-r«fc5tt«iE8--rc\ X 

• y • z©sf6unisa-fe>-9-5, 6, 7om**E3»p 

-<D<i**7S-r S J: 5 icififagg 8 -£^33 9 tt <b* ©y -Y 
>-w*nsEf*itf. sttflnj£e-fe>-9-5, 6, 7<z»is 
«se#. 3 nfinaan- 1 4 *«iEffl*&jMc i mtttmt 

[003 5 ] H5tctt*¥#ffl©]toffil&B*inO 
fa*. Dnag*(nJ«C*fL,rHS^, ftj3 5. 2 6' ifc 

[ 0 0 3 6 ] £ fc. 0 5 K^ftI^«©JtlO«#fflA*i 

r. tan" (2'") (#354. 7 4* ) ©*S*fJ 

*© <£ 5 Zj:»^7»[liieG<D)jS;^*'&f*SniIlK*>-tt 5 . 

6. HCftmtZ. 

[0 0 37]l*)BMG*9 8 0GalitSi. Z 

8iftaag-fe>-9-7(cfpfflr5S*»n2eG<p^» t 9 

80x s in (54. 74° ) = 80 0<bfr<3. XWflD 
ilS-fe 5 £ YffMnifg-fe 6 (CftWr SS^JJUil 
SG©fiJ^5*. 980xcos (54. 74° ) xco 
s (4 5° ) =40 0t%l,. BP*i. XfMD«S-te>-tf 

5 4Y#jnaa-fe>-y-6«:'i. 4ooGai, zttAaa 

g-fe>-9-7«:«, 8 0 OGa 1 <tt,^W5<D«fc^S^»D 

[oo38]f^t. s^ftijSffiGRa*ttHiiig©flnj$ 



(4) #EJf!¥9-2 5 1 0 3 1 
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SA «r«ffl tvfciBS«iE*i. 3 Nfingfttt 1 4 ©f&Effl 
^^©fXff^m* 1 9 C £ tc J: 9 HJfe-r S C 

[003 9] *>WinaflEG£SMfl§ Or 3 fMPiIRW-4 © 
lW*«iE*fT5ii£-Ct>. ^£Sg£fWL-C3fWJI]3 
gft 1 4 ©!&Si&IE£fT 5 *§^T- & . MIg;fr|6nc*f U 
••CftS**. tan" 1 (2- 1 ") (^J3 5. 2 6° ) £& 

•sro#®ic, fii5©jp< 3ttjjn2eit4, u^ist 

fttf. X • Y • Z©&«l/)DilJK-fe>-f-5, 6. 7 CC|5)— 

io ©jjnii&jjsa (mjimm&GXimm&Avms i. i 

[004 0] £fc, mjjmm&Gzmmox 3Uimg. 
W-4©«s«iE*tf9if^rt). »nJi^g*ffJffltr3 

NfttiOKII- 1 4 ©«lS«iE*fT 5 m$~C . 

2, 12B, l^-©Jf^{Cff$fiS-rSC£*ST#S©-C. 

S# 1 ©±® 1 aXttfln«# 1 3 ^©«ggX«@S©f± 

[0 0 4 1 ] BP%, m.fi=P}fc-e$>Z>7n -j ?2, 12 
©±ffi2a. 12a©35. 2 6' OHftAWt^il 
20 ffi£g£l©±ffil aiCjgbT, :/a ? d>2£S£l© 
±M 1 a fcfWrtifcT. S^flBiUKG Lfc 3 mm 
m&it4<Df&&ffiE&iT*.2>. — 5 4. 7 4° ©Jl 

ft-vjttisir i«B«aniR# 1 3 KSbt, :/n * 2 * 
am 1 3 icmfc? n«. Aijgsig^fijffl o fc 3 #floM 

Sst 1 4©!SatxiE*stfx.5. 

[004 2] * fc. ta 1 5C^T 3 MttlXStf-ttiE^A 
4fflt>t3 HjpojtiStf- 4 ©,®S«iE«:tf 5 ti^CC . Sifi 

30 JttlHttl-tff9c&icj:!°. S^ttJiSgGSO-ftSg^ 
[004 3] &tc. X • Y • Z©&fiMnjIg-te>-tf-5. 

6. 7©«ttttiE3&*. et«:sW#l*-ctf*5n-ct;>S3W 
JlDjifttt 4 . 14 ©ti^cc « . aHMB S 3 tt»nMfi 

»Diia-fe>-9-5. 6, 7©aft«g ; &»lSC4^oJ^C 

[0044] Sfc, X • Y • Z©SI4iCffi1±©*5/ja3l 

m-ti'-yzmmir tut, §ttjsg4z>if©ffl73fi^©<a 

So 

[0045] 

f*»nastf ; &t5iEffl^*©^7ffi(ciisTnw. 3W»n 
[Hm©m*ttBMin 

dan w*3i 1 ©^hjcc^s 3 tmmmimiEm&m 

50 ©*4^H 



(5) 



[H2] 3mmm&ft<Dmjfflstwm. u) itmmst^ * 
>?©ebh* ( b ) « 3 w«i3igft©ffliisii 

[0 3 ] i»*3i 1 ©f&Bjtcf&s 3 fiilftIjiJglt^iEffl?&* 

vmiuw.tsMTm.fcfrzm-rm, ( b ) u 3 iwuss 

[ 0 4 ] 3 iiait<0^iE^g©mS f P » f 0 

[05] 2 omm%z> 3 Wflniisitt&EfflteJi 

©$4*10 io 

[ n 6 ] w*^ 2 ©nHfjicf&s 3 #flnaai+«iEffl^A 
©ff/Bt&Hm ( a ) tit 3 mjammMtomttmt'cma.R * 
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vw-tftemm&f&ftztnrm. ( b ) « 3 wsnasit© 
•f0 

1, 1 l-I^, la, 1 la-lSO±I, 2. 12 
■■■^7*, 2a, 12a-^Q^©iI, 2 b. 1 
2b-flStftffi. 3 4, 1 4-3«iftBiJKff\ 

5-X#ftia«-fe>1f > 5a-X^§S#, 6-YfA 

mmm-ov. ea-Y^isgiM, 7-z$iMjnitJK-fe 

7 a-Z*|SjS.®tA. 13-Jfflffi^. 14 



nan 



[02] 




(a) 



(b) 



[04] 
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